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Matras(2000)[11]
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S(i, j) = log
P (i→ j)
P (j)
i, j ( ) P (i→ j) i j
P (j) j
SAP(1999)[12],STRUCTAL(1993)[13]
SAP STRUCTAL DDP(Double Dynamic Programming) 2
DP DP
2
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VAST
Geometric Hashing
Geometric Hashing (1991)[15]
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2.3.1
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Micheletti[18] 2000 4, 5, 6
10 1A˚
2.3.2
rigid domain [19]
Nichols[19] 2
Cα rigid domain
α1
1 oxy deoxy
rigid domain rigid domain
0.3A˚
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3.1 rigid domain
Cα
Cα ( )
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3.1: rigid domain
3.2
rigid domain
CE[9]
CE-MC[21][22]
3.3 rigid domain
rigid domain
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3.3.1
Cα
dkij k Cα i, j 1 d
1
ij
2 d2ij
4ij = |d1ij − d2ij | (3.1)
4ij ² i, j rigid
i, j
4ij = |max(d1ij , . . . , dpij)−min(d1ij , . . . , dpij)| (3.2)
4ij ² ( 3.2
)
V = {v1, . . . , vn}
0 1 n×n 3.2
V = {v3 v6}
1
3.2: ( ) ( )
4ij > ² cij = 0, 4ij ≤ ² cij = 1 (3.3)
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C = {cij} C i, j
rigid 1 0
² rigid domain
rigid domain
rigid domain
3.3.2 rigid domain
NP- 1
cij = 1 ( )Smin D
1. Smin ( )
2.
∑
j
ckj = sk < Smin k ij ckj = cjk = 0
cij
3. sk ≥ Smin k A A n(A)
F = φ
4. (4.1)
A← A− F
n(A) = 0 (4.6)
Tmax( ( ) )← Smin
A sk k
F = {k} , x = 0, w(x) = 0, h = 0, ej0 ← ckj
(4.2)
g ← h
B ← {ejg = 1 j } − F
n(B) = 0 (4.5)
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B sk u(g)
x← x+ 1, h← h+ n(B)
(4.3)
F ← F + u(h), w(x) = h
ejh ← ejg × cu(h)j ,
∑
j
ejh ≥ Tmax (4.2)
(4.4)
F ← F − {u(h)} , h← h− 1, h > w(x− 1) (4.3)
x← x− 1, h← h− 1
x > 1 (4.2) x ≤ 1 (4.1)
(4.5)
n(F ) ≥ Tmax F , Tmax = n(F ), (4.4)
(4.6)
rigid domain
3.4 rigid domain
rigid domain
Rasmol[23] rigid domain
rigid
rigid domain
Rasmol
3.4.1 Rasmol
3D Rasmol[23]
Rasmol 1993 R.Sayle ( Edinburgh Univ. Biocomputing Re-
search Unit) PDB
3.3 rasmol
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backbone
3.3: Rasmol
( backbone( ),ball-and-stick( ),cartoon( ) )
Cα
rigid domain backbone
3.4.2
rigid domain 1
[24]
[24]
N i = 1...N (x1, y2, z3) (X1, Y2, Z3)
1. (g,G)
g gx =
1
N
N∑
i=1
xi, gy =
1
N
N∑
i=1
yi, gz =
1
N
N∑
i=1
zi
xi ← xi − gx, yi ← yi − gy, zi ← zi − gz
G Gx =
1
N
N∑
i=1
Xi, Gy =
1
N
N∑
i=1
Yi, Gz =
1
N
N∑
i=1
Zi
Xi ← Xi − gx, Yi ← Yi − gy, Zi ← Zi − gz
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2. A
A(1, 1) =
∑
i
xiXi, A(1, 2) =
∑
i
xiYi, A(1, 3) =
∑
i
xiZi
A(2, 1) =
∑
i
yiXi, A(2, 2) =
∑
i
yiYi, A(2, 3) =
∑
i
yiZi
A(3, 1) =
∑
i
ziXi, A(3, 2) =
∑
i
ziYi, A(3, 3) =
∑
i
ziZi
3. A A = UDV (D (3×3),U, V (3×3))
4. R(3× 3)
Rij = Ui1Vj1 + Ui2Vj2 ± Ui3Vj3
detA > 0 + < 0 −
5. ( (X1, Y2, Z3) (x1, y2, z3) )
Xi ← R11Xi +R12Yi +R13Zi + gx
Yi ← R21Xi +R22Yi +R23Zi + gy
Zi ← R31Xi +R32Yi +R33Zi + gz
rigid domain RMSD
rigid domain
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4SCOP[5] rigid domain
PDB A
B
SCOP all-α, all-β, α/β, α+ β
(Class) (Fold)
(SuperFamily,Family) SCOP
rigid domain SCOP Family,SuperFamily,Fold
20
4.1 Family Ubiquitin-like
Family Ubiquitin-related 8
1.Root: scop
2.Class: Alpha and beta proteins (a+b) [53931]
3.Fold: beta-Grasp (ubiquitin-like) [54235]
core: beta(2)-alpha-beta(2); mixed beta-sheet 2143
4.Superfamily: Ubiquitin-like [54236]
5.Family: Ubiquitin-related [54237] Species
1ogw,1a5r,1ndd,1lm8,1bt0,1m94,1j8c,1iyf
² 4.1
4.1: Family:Ubiquitin-like rigid domain
8
67
² 2A˚ 4 A˚ 6 A˚ 8 A˚ 10 A˚
rigid domain 10 23 38 52 55
rigid domain Rasmol rigid domain
4.1 rigid domain 4.2
rigid domain
rigid domain
1 rigid domain
1 1a5r.pdb
rigid domain 4.3 4.3 ² = 2A˚
rigid domain mageta ² = 4A˚ red ² = 6A˚ yellow Cβ
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4.1: Family Ubiquitin-like rigid domain
22
4.2: Family Ubiquitin-like rigid domain ( )
23
4.3: 1a5r : sumo-1 rigid domain
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4.2 SuperFamily Cytochromes
SuperFamily Cytochromes 6
1. Root: scop
2. Class: All alpha proteins [46456]
3. Fold: Four-helical up-and-down bundle [47161]
core: 4 helices; bundle, closed or partly opened,
left-handed twist; up-and-down
4. Superfamily: Cytochromes [47175] Family, Species
1jaf,256b,2ccy,1bbh,1cgn,1cgo
² 4.2 rigid
4.2: SuperFamily:Cytochromes rigid domain
6
98
² 2A˚ 4 A˚ 6 A˚ 8 A˚ 10 A˚
rigid domain 27 62 92 95 98
domain rigid 4.4 1jaf.pdb
rigid domain 4.5 ² = 2A˚ rigid
domain mageta ² = 4A˚ red ² = 6A˚ yellow Cβ
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4.4: SuperFamily Cytochromes rigid domain ( )
26
4.5: 1jaf : cytochrome c’(HEM - Protoporphyrin ix containing Fe) rigid
domain
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4.3 Fold Flavodoxin-like
Fold Flavodoxin-like 9
1. Root: scop
2. Class: Alpha and beta proteins (a/b) [51349]
Mainly parallel beta sheets (beta-alpha-beta units)
3. Fold: Flavodoxin-like [52171]
3 layers, a/b/a; parallel beta-sheet of 5 strand, order 21345
Superfamily 3
4. Superfamily: CheY-like
3chy,1dcf,1m2f
4. Superfamily: SGHN hydrolase
1wab,1esc,1ivn
4. Superfamily: Flavoproteins
1b1c,2fcr,1d4a
² 4.3 4.3
4.3: Fold Flavodoxin-like rigid domain
9
61
² 2A˚ 4 A˚ 6 A˚ 8 A˚ 10 A˚
rigid domain 5 8 12 14 14
10 A˚ 12
rigid domain SuperFamily
rigid domain 4.3
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4.4: Fold Flavodoxin-like SuperFamily rigid domain
Superfamily: CheY-like
3
109
² 2A˚ 4 A˚ 6 A˚ 8 A˚ 10 A˚
rigid domain 39 64 69 94 108
SGHN hydrolase
3
132
² 2A˚ 4 A˚ 6 A˚ 8 A˚ 10 A˚
rigid domain 8 16 29 61 86
Superfamily: Flavoproteins
3
142
² 2A˚ 4 A˚ 6 A˚ 8 A˚ 10 A˚
rigid domain 30 62 100 112 119
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rigid domain rigid 4.6
1b1c.pdb 3chy.pdb rigid domain 4.7
4.8 ² = 2A˚ rigid domain mageta ² = 4A˚ red ² = 6A˚ yellow
Cβ
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4.6: Fold Flavodoxin-like rigid domain ( )
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4.7: ( )1b1c :NADPH-cytochrome p450 reductase(Ligand: FMN - Flavin mononu-
cleotide) rigid domain
4.8: ( )3chy: Che Y(Ligand SO4 - Sulfate) rigid domain
32
4.4
rigid domain 4.2,4.4 rigid
rigid
rigid
rigid domain
4.6 SGHN hydrolase rigid domain
4.6 SCOP Fold
SuperFamily rigid domain
1 rigid 4.3, 4.5,
4.7, 4.8 4.5 HEM
HEM rigid rigid
rigid
4.7, 4.8 1 rigid domain
1 ( ) ( )
33
5rigid domain
SCOP
1
rigid domain
rigid domain rigid domain
rigid domain
rigid domain Web
rigid domain
SCOP SCOP
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A PDB
PDB
ATOM
A.1
A.1 PDB 1 80
6
9−10 11
A.1 ”HEADER”
OXYGEN STORAGE/TRANSPORT
21-FEB-03 PDB 1J40
ATOM
”END”
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HEADER OXYGEN STORAGE/TRANSPORT 21-FEB-03 1J40
TITLE DIRECT OBSERVATION OF PHOTOLYSIS-INDUCED TERTIARY
TITLE 2 STRUCTURAL CHANGES IN HUMAN HAEMOGLOBIN; CRYSTAL STRUCTURE
TITLE 3 OF ALPHA(NI)-BETA(FE-CO) HEMOGLOBIN (LASER UNPHOTOLYSED)
COMPND MOL_ID: 1;
COMPND 2 MOLECULE: HEMOGLOBIN ALPHA CHAIN;
COMPND 3 CHAIN: A, C, E, G;
SOURCE MOL_ID: 1;
SOURCE 2 ORGANISM_SCIENTIFIC: HOMO SAPIENS;
SOURCE 3 ORGANISM_COMMON: HUMAN;
JRNL AUTH S.ADACHI,S.-Y.PARK,J.R.H.TAME,Y.SHIRO,N.SHIBAYAMA
JRNL TITL DIRECT OBSERVATION OF PHOTOLYSIS-INDUCED TERTIARY
JRNL TITL 2 STRUCTURAL CHANGES IN HEMOGLOBIN
REMARK 1
REMARK 2
REMARK 2 RESOLUTION. 1.45 ANGSTROMS.
SEQRES 1 A 141 VAL LEU SER PRO ALA ASP LYS THR ASN VAL LYS ALA ALA
SEQRES 2 A 141 TRP GLY LYS VAL GLY ALA HIS ALA GLY GLU TYR GLY ALA
SEQRES 3 A 141 GLU ALA LEU GLU ARG MET PHE LEU SER PHE PRO THR THR
HELIX 1 1 SER A 3 GLY A 18 1 16
HELIX 2 2 HIS A 20 PHE A 36 1 17
HELIX 3 3 PRO A 37 PHE A 43 5 7
ATOM 1 N VAL A 1 2.681 60.206 2.122 1.00 13.81 N
ATOM 2 CA VAL A 1 2.090 58.978 1.501 1.00 13.54 C
ATOM 3 C VAL A 1 0.789 59.379 0.795 1.00 12.64 C
ATOM 8773 CE1 HIS H 146 23.835 37.479 30.528 1.00 15.63 C
ATOM 8774 NE2 HIS H 146 22.888 37.495 31.450 1.00 16.23 N
ATOM 8775 OXT HIS H 146 27.809 38.614 32.493 1.00 15.29 O
TER 8776 HIS H 146
HETATM 8777 NI HNI A 142 13.458 63.973 -17.042 1.00 9.67 NI
HETATM 8778 CHA HNI A 142 15.029 62.298 -19.583 1.00 10.71 C
HETATM 8779 CHB HNI A 142 11.041 61.526 -16.880 1.00 8.69 C
CONECT 9139 9135 9138
CONECT 9140 9138
MASTER 275 0 14 73 0 0 0 611364 8 376 92
END
A.1: PDB ( :1J40)
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A.2 ATOM
ATOM ATOM
COLUMNS DATA TYPE CONTENTS
---------------------------------------------------------------------------
01 - 06 Record Name ATOM
07 - 11 Integer Atom Serial Number
13 - 16 Atom Atom Name
17 Character Alternate location indicator
18 - 20 Residue name Residue Name
22 Character Chain identifier
23 - 26 Integer Residue sequence number
27 AChar Code for insertion of residues
31 - 38 Real(8.3) Orthogonal coordinates for X in Angstroms
39 - 46 Real(8.3) Orthogonal coordinates for Y in Angstroms
47 - 54 Real(8.3) Orthogonal coordinates for Z in Angstroms
55 - 60 Real(6.2) Occupancy
61 - 66 Real(6.2) Temperature factor
73 - 76 LString(4) Segment identifier, left-justified
77 - 78 LString(2) Element symbol, right-justified
79 - 80 LString(2) Charge on the atom
ATOM
12345678901234567890123456789012345678901234567890123456789012345678901234567890
ATOM 145 N VAL A 25 32.433 16.336 57.540 1.00 11.92 A1 N
ATOM 146 CA VAL A 25 31.132 16.439 58.160 1.00 11.85 A1 C
ATOM 147 C VAL A 25 30.447 15.105 58.363 1.00 12.34 A1 C
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BB.1
C 3000
PDB ( )
PDB 2
2, 4, 6, 8, 10A˚ rigid domain
PDB PDB
PDB Rasmol
rigid domain script
B.2
B.1:
CPU UltraSPARC-IIs 450MHz × 4
Memory 1024MB
OS Solaris 8 10/00
Compiler gcc version 2.95.2
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